Over the past 40 years, observational surveys have established the existence of a tight relationship between a star's age, rotation period, and magnetic activity. The age-rotation-activity relation is essential for understanding the interplay between, and evolution of, a star's angular momentum content and magnetic dynamo. It also provides a valuable age estimator for isolated field stars. While the age-rotation-activity relation has been studied extensively in clusters younger than 500 Myr, its subsequent evolution is less constrained. Empirically measured rotation periods are scarce at intermediate ages (i.e., Hyades or older), complicating attempts to test reports of a break in the age-activity relation near 1 Gyr (e.g., Pace & Pasquini 2004; Giardino et al. 2008) .
Introduction
In his seminal 1972 paper, Andrew Skumanich showed that stellar rotation decreases over time such that v rot ∝ t −0.5 -as does CaII emission, a measure of chromospheric activity and proxy for magnetic field strength. This relationship between age, rotation, and activity has been a cornerstone of stellar evolution work over the past 40 years, and has generated almost as many questions as applications. For example, angular momentum loss due to stellar winds is generally thought to be responsible for the Skumanich (1972) law, but the exact dependence of v rot on age is not entirely clear, and relies on the assumed stellar magnetic field geometry and degree of core-envelope coupling (Kawaler 1988; Krishnamurthi et al. 1997) . Furthermore, later-type, fully convective stars appear to have longer active lifetimes than their earlytype brethren (e.g., West et al. 2008) , indicating that the lowest mass stars are capable of generating significant magnetic fields even in the absence of a standard solartype dynamo (Browning 2008) . The lack of a comprehensive theoretical understanding of the age-rotation-activity relation has not prevented the development and use of gyrochronology, however, which attempts to determine the precise ages of field stars based on a presumed age-rotation relation (e.g., Barnes 2007; Mamajek & Hillenbrand 2008; Collier Cameron et al. 2009; Barnes 2010) , nor of empirical age-activity relations, which do not always find activity decaying with time quite as simply as predicted by the Skumanich law (e.g., Feigelson et al. 2004; Pace & Pasquini 2004; Giampapa et al. 2006) .
Fully mapping out the dependence of stellar rotation and activity on age requires the study of stars ranging in both mass and age. Statistical constraints on the agerotation-activity relation can be derived via analysis of Galactic field stars (e.g., Feigelson et al. 2004; Covey et al. 2008; Irwin et al. 2010) , but the homogeneous, coeval populations in open clusters provide an ideal environment for studying time-dependent stellar properties. There are relatively few nearby open clusters, however, and fewer still have the high quality optical data needed to characterize their rotations -in part because of the sheer difficulty involved in systematically monitoring a large number of stars over several months or more. As a result, our current view of the age-rotation-activity relation depends on observations of handfuls of stars in the field and in a small number of wellstudied clusters (with the Hyades being a particularly key cluster, e.g., Radick et al. 1987; Jones et al. 1996; Stauffer et al. 1997; Terndrup et al. 2000) .
The advent of time-domain surveys, with their emphasis on wide-field, automated, high-cadence observing, makes it possible to monitor stellar rotation in clusters on an entirely new scale (e.g., Irwin et al. 2007; Meibom et al. 2009; Hartman et al. 2010 Here we report the stellar rotation periods for Praesepe members derived from our first season of PTF observations. Our campaign produced ∼200 distinct observations
The Age-Rotation-Activity Relation: From Myrs to Gyrs 3 of four overlapping fields covering a 3.75 × 3.30 deg area designed to include a large number of Praesepe members identified by Kraus & Hillenbrand. In Section 2 we describe our PTF observations. We discuss our period-finding algorithm in Section 3 and our results in Section 4. Finally, in Section 5 we outline the current status and future of the CCCP survey.
Observations
PTF is a transient detection system comprised of a wide-field survey camera mounted on the automated Samuel Oschin 48 inch telescope at Palomar Observatory, CA (known as the P48), an automated real time data reduction pipeline, a dedicated photometric follow-up telescope (the Palomar 60 inch), and an archive of all detected sources (for details, see Law et al. 2009; Rau et al. 2009 ). The survey camera has 101 megapixels, 1 ′′ sampling and a 8.1 deg 2 field-of-view covered by an array of 12 CCD chips, one of which is now inoperative. Currently, observations are performed in one of two filters: SDSS-g or Mould-R. Under the median 1.1 ′′ seeing conditions the camera produces 2.0 ′′ FWHM images and reaches 5σ limiting AB magnitudes of m g ≈ 21.3 and m R ≈ 20.6 mag in its standard 60 s exposures.
Praesepe was monitored by PTF for 3.5 months in early 2010, beginning on 2010 Feb 2 and ending on 2010 May 19. Our observing cadence was sensitive to P rot from a few to a few hundred hours, covering the range occupied by the few cluster members with known periods (Scholz & Eislöffel 2007) . PTF monitored Praesepe by imaging four overlapping 3.5 x 2.31 deg fields, which together cover ∼18 deg 2 in the cluster's center. The extent of the CCCP footprint is shown in Fig. 1 ; >80,000 individual objects were detected in our observations. In developing their cluster catalog, Kraus & Hillenbrand combined archival data from multiple surveys to calculate proper motions and photometry for several million sources within 7 deg of Praesepe's center. Their census covers a larger area of sky and is deeper than any previous proper motion study, and extends to near the stellar/sub-stellar boundary. The resulting catalog includes 1169 candidate members with membership probability >50% (hereafter referred to as the P50 stars); 442 are identified as highprobability candidates for the first time. Kraus & Hillenbrand estimate that their survey is >90% complete across a wide range of spectral types, from F0 to M5.
Of the 1169 P50 members in the Kraus & Hillenbrand catalog, 923, or close to 80%, lie within the CCCP footprint. Of these, 661 are fainter than the PTF saturation limit (∼14 mag): PTF detected 534 (or 81%) of these candidate members, with the rest falling within chip gaps or on the dead chip. Kraus & Hillenbrand provide spectral types for Praesepe stars based on spectral energy distribution fitting; the PTF-detected members are late K through early M stars, which is as expected given the distance to Praesepe and the PTF exposure time. Aperture photometry was measured for each candidate member at each epoch using the SExtractor software (Bertin & Arnouts 1996) . Positional matching was then used to merge detections across epochs, producing a single light curve for sources. The photometric zeropoints were adjusted on a per chip basis to minimize the median photometric variability of the detected sources. For more information on this reduction process, see Law et al. 2010 elsewhere in these proceedings
Period Measurements
We use a modified version of the Lomb-Scargle algorithm to search our light curves for periodic signals due to rotation. The properties of each star's light curve defined the range of frequencies that were searched for periodic signals: we followed Eq. 11 of Frescura et al. (2008) in calculating the frequency grid from the number of individual measurements obtained for each star, as well as the total duration of the light curve. We oversampled this grid by a factor of five to ensure maximum sensitivity to any periodic behavior sampled by our monitoring. Potential beat frequencies between the primary periodogram peak and a possible one-day alias, typical for ground-based, nightly observing campaigns, were flagged following Eq. 1 of Messina et al. (2010) .
To test the significance of the periods identified by our modified Lomb-Scargle algorithm, we performed a Monte Carlo analysis of our light curves (for a similar analysis, see Sturrock & Scargle 2010) . Having measured potential rotation periods for all cluster members detected by PTF, we then conducted an identical analysis on each light curve after randomly scrambling the magnitudes measured at each epoch. Repeating this test 100 times on each scrambled light curve, we were able to identify the maximum measured periodogram peak as the power threshold corresponding to a <1% false alarm probability (FAP) in the absence of ordered variations. This analysis established that, across our entire sample, a periodogram peak with power >25 corresponded to a FAP <1%; indeed, for only three of the 534 stars analyzed here did the 1% FAP correspond to a periodogram power threshold >20.
Adopting a conservative power threshold of 30 to select potentially periodic cluster members, we then visually inspected the output of our search for each candidate. Periodograms were checked to confirm the presence of a single narrow peak, well separated from the underlying background power; further scrutiny established that the peThe Age-Rotation-Activity Relation: From Myrs to Gyrs 5 riodic behavior was visible and stable across the full light curve, well sampled in phase, and of an amplitude at least comparable to the observational noise. Representative periodograms and phased light curves for the resulting high-confidence detections are shown in Fig. 2 . 
Results
The analysis described above produces high-confidence measurements of rotation periods ranging from 0.45 to 35.85 days for a total of 40 stars. The CCCP data clearly indicate the presence of both fast and slow rotators in Praesepe; examples of a fast and slow rotator are shown in Fig. 3 , and the location of the full sample in color/period space is shown in Fig.4 , along with additional stars from comparably aged clusters (i.e., Hyades & Coma Ber). These observations, along with complementary measurements of low-mass Hyades members (see contribution by Delorme et al. elsewhere in this proceedings), establish that the ∼600 Myr period-color relation is single-valued for colors blueward of r−K s ∼ 3 and J-K s ∼ 0.825, corresponding to a spectral type of ∼M1 and a mass of M ∼ 0.6 M ⊙ Kraus & Hillenbrand) . Redward of this color, however, the distribution of stars in color-period space is scattered, with populations of both fast and slow rotators.
The morphology of the color-period relation we measure in Praesepe is broadly consistent with observations of somewhat younger clusters, assuming that stellar spindown is the dominant mechanism governing the stellar angular momentum at these ages. The color-period relation observed in the slightly younger M37, for example, departs from a single-valued relation at M ∼ 0.8 M ⊙ (Hartman et al. 2009) , suggesting that stars with 0.8 M ⊙ < M < 0.6 M ⊙ possess spin-down timescales of ∼500-650 Myr. To go beyond this crude comparison, we are currently analyzing the color-period relation we measure in Praesepe in light of the gyrochronology relations presented in the literature (e.g., Mamajek & Hillenbrand 2008; Barnes 2010 ).
This spin-down timescale also agrees well with the ∼600 Myr magnetic activity lifetime predicted for ∼M1 stars based on statistical analyses of low-mass stars in the Galactic field (West et al. 2008) . We are currently conducting a comprehensive census of magnetic activity in Praesepe to test directly the equivalence of the activity lifetime and spin-down timescale. For more on our activity analysis, see the presentation by Lemonias et al. elsewhere in these proceedings. For Hyades stars, r-K s colors were determined using synthetic r magnitudes calculated from observed B and V magnitudes (Joner et al. 2006 ) and the r(B,V) transformation defined by Jester et al. (2005) . For Coma Ber stars, synthetic r-K s colors were estimated from observed J-K s colors using the median SDSS-2MASS stellar locus defined by Covey et al. (2007) .
Current Status & Future Plans
We recently began our second season of observations of Praesepe. Our observing strategy has changed somewhat, and the CCCP footprint now features less overlap and covers a total area of ∼40 deg 2 . In parallel to this continued photometric monitoring, we are conducting a spectroscopic campaign to confirm the membership and measure the chromospheric activity of the Kraus & Hillenbrand P50 stars. Our observations with the 2.4-m Hiltner Telescope at the MDM Observatory and using the Hydra multi-object spectrograph on the WIYN 3.5-m telescope, both on Kitt Peak, AZ, will enable us to confirm our targets as members based on their radial velocities, and to obtain Hα line measurements to diagnose their levels of chromospheric activity. Moreover, we have proposed to obtain new X-ray imaging of Praesepe to expand the sample of cluster members with measured coronal activity, and to establish once and for all if Praesepe's X-ray luminosity function can be reconciled with that of the Hyades (see additional discussion in Lemonias et al., this volume) .
Our next CCCP target, NGC 752, is a ∼1.1 Gyr cluster at a distance of 450 pc, and is the best studied, closest old cluster to the Sun. Stellar rotation at this age is 7 generally not well constrained, and no rotation periods that we know of exist for NGC 752 members. The CCCP footprint for this cluster is comprised of two overlapping PTF fields such that the cluster core (which is roughly 0.5 deg across) is contained almost entirely on one chip in each field. Our observations began on 2010 Aug 22, and to date we have >300 individual observations of each field, so that the cluster core has been visited >600 times. As the NGC 752 low-mass population is poorly defined, we are also beginning a spectroscopic campaign on this cluster this winter to determine the membership and activity level of candidate low-mass members in the cluster field.
